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Abstract 
After the application of N cycles of stress range Δσ, the crack will grow from the initial to critical length according to 
the algebraic equation (4). The algebraic equation holds for any material, only if m>2.                                                            
For structural ferritic steel, the critical length of crack is a=8mm (10), where the number of fatigue cycles is N=108 and 
cyclic stress range Δσ=27.5MPa.  
Under repeated shear loading the largest membrane and bending stresses are concentrated in the vicinity of corners of the 
web.                                                                                            
The stress ranges for 106 cycles (steel and aluminium alloys) and the constants in equation of curve Δσ3.N=constant are 
given as follows in the fifth chapter.    
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1. Crack growth analysis  
The fatigue crack growth rate can be related to the stress intensity factor amplitude ΔK=Kmax- Kmin  as 
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where da/dN is the rate of crack propagation, A and m are constants which depend on the material and the 
applied conditions, including environment. The stress intensity factor range, ΔK, is a function of the crack 
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geometry factor depending on the orientation and size of the crack surface, cyclic stress range Δσ, E elastic 
modulus and critical length of the crack a, respectively 
aYK ... SV' '  (2) 
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we have 
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where the initial length of the crack is considered as ao=10-3m.  
The algebraic equation (4) holds for any material, only if m>2. 
2. Fatigue crack growth in ferritic steels and non-ferrous metals 
2.1. Structured ferritic steels 
For structural ferritic steels operating at temperatures up to 20°C, with assuming the absence of specific 
corrosion fatigue data, the upper bound of the parameter A and the parameter m, are recommended as   
3 m
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For ferritic steels with yielding or steels for which 0.2% proof strength is less 600 MPa and operating in air 
or other non-aggressive environments at temperatures up to 100°C one should use the parameters 
3 m
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2.2. Fatigue crack growth in non-ferrous metals 
The fatigue crack growth rate and stress intensity factor range can be expressed approximately as functions 
of ΔK and elastic modulus E. Then, the crack growth constants m=3 and A=3.10-13, corresponding to ferritic 
steels, can be utilized for another material with elastic modulus E as m=3 and A=3.10-13.(Esteel/E)m=         
3.10-13.(Esteel/E)3. The stress intensity factor range can be modified by ΔK= ΔKsteel.(E/Esteel). 
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3. Critical length of crack 
For structural ferritic steel, the parameter A=2.4.10-12 and the term (Δσ.√π)m.A.N is constant and equal to 
27.5. Assuming the number of fatigue cycles N=108 and the threshold stress intensity factor amplitude  
ΔKth=5MPa.m1/2 we have 
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For structural ferritic steel the equation (4) becomes 
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Hence Y=1.142 
The critical length of crack is 
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Assuming N=104 and a= 0.0011 (a>ao), for structural ferritic steel we obtain  
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We have Y=0.66 
Comment: if  a=ao , then Y=0  
4. Cracking of web under cycling shear loading 
In the case of crack propagation the stresses are given as follows 
 EEJVV 22 cossin..  y  (13) 
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Hence we obtain 
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For pulsating repeated loading 
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where γ=-tg2β 
It should be said, that for the web under shear loading, we have   γ≤0. 
The equivalent stresses on the crack surface given by  
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express the membrane and bending stresses of simply supported web, with z being the perpendicular distance 
from the middle surface xy. The expressions for the stresses σy and τxy are valid in the vicinity of plate corners. 
From (16) we have 
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The positive root is tgβ=0.951445444.  
5. Assessing flaws using quality categories 
For structural ferritic steels, each curve can be described by an equation of the form 
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 ' N.3V constant                                                                                                                             (22) 
For the number of cycles of the fatigue life N=2.106, the stress range is 110 MPa. Constant in equation of curve 
is  2.66.1012. 
The other constants on ferritic steel (and of aluminium alloys) are given as follows 
Table 1.  
Constant in equation (22) 
values for steel 
Stress range for 
105 cycles, steels 
[MPa] 
Stress range for 
105cycles, 
aluminium alloys  
[MPa] 
1.22.1012 230 77 
1.02.1012 220 74 
9.26.1011 
5.64.1011 
2.57.1011 
1.64.1011 
210 
178 
137 
118 
70 
60 
47 
39 
 
We compare the stress range for 104 cycles with the nominal values of yield strength fy [MPa] 
Table 2. 
Stress range for 104 cycles [3] 460 440 420 355 275 235 
Nominal values of yield strength fy 
for hot rolled structural steel [4] 
460 440 420 355 275 235 
       
They seem to be about the same. 
6. Crack in rectangular web subjected to compression 
Longitudinal and transversal edges become free and remain straight in the web plane. The maximum tensile 
stress takes place in the middle of longitudinal edges (Fig. 1). 
The fatigue strength of web plate Δσy in the middle of longitudinal edges for different web slenderness is given 
in Table 3.      
Table 3. 
Web slenderness B/T 60 70 80 90 100 200 
Normal stress range 1.72. Δσy 0.87. Δσy 0.74. Δσy 0.68. Δσy 0.65. Δσy 0.61. Δσy 
 
The normal stress range (as it is different from the shear stress range) intensively depends on the web 
slenderness B/T. 
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Fig. 1. Rectangular web subjected to compression 
7. Conclusions 
The critical length of crack for the number of cycles N=108 is a=8mm and cyclic stress range Δσ=27.5MPa. 
If  a=ao, the crack geometry factor Y=0. 
Under repeated shear loading, the largest membrane and bending stresses are concentrated in the vicinity of 
corners of the web. 
The maximum tensile stress in the cracked rectangular web subjected to compression takes place in the middle 
of longitudinal edges (Table 3.). The normal stress range intensively depends on the web slenderness.    
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